Description 
Optical Transmission Line 

Technical Field 

The present invention relates to an optical transmission 
line which is used when, for example, a wavelength division 
multiplexed optical transmission is carried out. 

Background Art 

The amount of communication information has tended to 
increase dramatically due to the development of the information 
society- Along with the increase of information, the 
wavelength division multiplexed transmission (WDM 
transmission) is widely recognized in the communication field 
and now the era of the wavelength division multiplexed 
transmission has arrived. In a wavelength division 
multiplexed transmission, light with a plurality of 
wavelengths can be transmitted in a single optical fiber. 
Therefore, the wavelength division multiplexed transmission 
is an optical transmission system which is suitable for large 
capacity high speed communication and, at present, this 
transmission technology is being vigorously researched. 

As is widely known in the art, a single mode optical fiber, 
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having a zero-dispersion within the wavelength band in the 
vicinity of the wavelength of 1.3}im, has been established on 
a global scale as the transmission network for optical 
communication. However, in the case that the previously 
established single mode optical fiber having a zero-dispersion 
in the vicinity of 1.3nm is utilized and wavelength division 
multiplexed transmission is carried out by using the wavelength 
band in the vicinity of 1 . 311m, the 1 . 5\im wavelength band, which 
is the gain band of a conventional optical amplifier, and the 
wavelength band do not agree with each other. Therefore, the 
problem arises that a conventional optical amplifier cannot 
be utilized for the wavelength division multiplexed 
transmission which uses the above described single mode optical 
fiber and, subsequently, long distance optical communication 
becomes difficult- Here, the above used term, *1.5nm 
wavelength band, " means a wavelength band of which the center 
is approximately the wavelength 1550 nm, such as from 1530 nm 
to 1570 nm, and hereinafter the term, the 1 . 5|im wavelength band, 
is used with this meaning. 

Therefore, recently a system for carrying out an optical 
transmission by using a dispersion shift optical fiber, of 
which the zero-dispersion wavelength is shifted from the 
vicinity of 1.3|im to the vicinity of 1.55nm, and the above 
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described optical amplifier has been proposed in order to solve 
the above described problem. When an optical signal is 
transmitted at a wavelength in the vicinity of 1.55[im by using 
a dispersion shift optical fiber having a zero-dispersion in 
the wavelength in the vicinity of 1.5511m, a signal light is 
amplified by the optical amplifier and a signal transmission 
becomes possible with little waveform distortion by 
dispersion. 

However, while research of wavelength division 
multiplexed transmission technology has progressed, light 
signals have become of a higher power and/ in the case that 
a dispersion shift optical fiber is used for the wavelength 
division multiplexed transmission, a non-linearity phenomenon 
due to the mutual action between each signal wave arises as 
a new problem. Therefore, a dispersion shift optical fiber 
which controls the above described wavelength dispersion and 
dispersion slope and which makes it possible to lower the 
non-linearity phenomenon is desirable as a dispersion shift 
optical fiber for the wavelength division multiplexed 
t r ansmi s s i on . 

Concerning the study for the solving of the non-linearity 
phenomenon, research for controlling a four light wave mixture 
has always been vigorous. The four light wave mixture greatly 
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influences waveform distortion and, therefore, it is important 
to control this four light wave mixture. As an example of the 
study of four light wave mixture control , academic paper OFC ' 94 
Technical Digest PD19, for example, reports a dispersion shift 
optical fiber of which the zero-dispersion wavelength is 
shifted from the signal light wavelength in order to control 
the four light wave mixture. 

When an optical fiber for optical transmission has a 
zero-dispersion in the signal light wavelength band, a four 
light wave mixture can easily be produced. Therefore, the 
above described paper reports that control of the four light 
wave mixture is possible by allowing the dispersion shift 
optical fiber used for the optical transmission to have a 
microscopic dispersion at the wavelength of l.SS^un, which is 
the signal light wavelength. Here, the above described 
microscopic dispersion is a dispersion of which the absolute 
value of, for example, the local dispersion (a dispersion per 
unit length) is approximately 2 to 3 ps/nm/km. 

Since the waveform distortions by the SPM (Self -phase 
Modulation) or the XPM (Cross-phase Modulation) occurring in 
the above described non-linearity phenomenon has become a 
serious problem, there has recently been much research into 
controlling those waveform distortions. As for a means to 
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solve this problem, the academic report OFC '97 TuNlb, or the 
like, report research aimed at limiting the non-linearity 
refractive index (n 2 ) to a small value. Moreover, research 
aimed at making this non-linearity refractive index a small 
value and research aimed at making the effective core section 
area of the dispersion shift optical fiber (Aeff ) a large value 
have drawn attention. The distortion ^ of the signal through 
the non-linearity phenomenon is, in general, represented by 
the following equation (1) . Therefore, when the effective 
core section area of the optical fiber is large the waveform 
distortion of the signal through the non-linearity phenomenon 
can be made small. 

4> NL =(27D<n2XLeffXP) / (XXAeff) •••(!) 

Here, in the equation (1) , n represents the circular 
constant, L e ff represents the effective optical fiber length, 
P represents a signal light intensity and X represents a signal 
light wavelength, respectively. 

The above described effective core section area is 
expressed by the following equation (2) by using a constant 
k and the mode field diameter (MFD) of the optical fiber. 
Therefore, the larger the mode field diameter is, the larger 
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the effective core section area becomes and it is understood 
that low non-linearity can be achieved very effectively. 

Aeff=kx(MFD) 2 •••(2) 

In this way the expansion of the mode field diameter and 
the expansion of the effective core section area in an optical 
fiber used for the wavelength division multiplexed 
transmission are very important and they have drawn a lot of 
attention. The expansion of the mode field diameter and the 
expansion of the effective core section area in an optical fiber 
used in the wavelength division multiplexed transmission are 
reported in the academic paper OFC '96 WK15 and OFC '97 YuN2 . 

It is known that the non-linearity phenomenon can be caused 
more easily when the signal light intensity inputted to the 
optical fiber is larger. Therefore, it is proposed in the 
Japanese Unexamined Patent Publication No . Hei-9 (1997) -211511 
that an optical transmission line be formed by connecting an 
optical fiber with high non-linearity to the emission end of 
an optical fiber with low non-linearity so that the light 
emitted from the optical transmission line is controlled so 
as not to cause distortion resulting from the non-linearity 
phenomenon. Here, this proposal describes that the waveform 
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distortion by the dispersion is also controlled by making the 
symbols of the dispersion value mutually different within the 
1.5|im wavelength band of the above described optical fiber 
forming the optical transmission line. 

As proposed in the Japanese Unexamined Patent Publication 
No. Hei-9 (1997) -211511, however, no concrete configuration or 
the like are shown with respect to the dispersion value of the 
optical fiber forming the optical transmission line and, 
instead, merely the configuration of the connection of the 
optical fiber with high non-linearity to the emission end of 
the optical fiber with low non-linearity is shown. From such 
a configuration only, though, it is difficult to form an optical 
transmission line which is able to control the distortion 
resulting from the non-linearity phenomenon and the distortion 
resulting from dispersion. 

Here, in this proposal, it is possible to apply a dispersion 
shift optical fiber of which the dispersion value is 
approximately ±2 to 3 ps/nm/km within the wavelength of 1 . 55pm. 
In this case, the absolute value of the dispersion value within 
the wavelength of 1.55|im is extremely small and, therefore, 
^there-is- no-guarantee that ^ the-optieal-transmission line wi'll" ~ 
receive no influence from the four light wave mixture. And, 
in this case, where it is attempted to carry out the wavelength 



division multiplexed optical transmission by using light with 
a wide range of wavelengths within the 1.5pm wavelength band, 
the dispersion in any wavelength within this range sometimes 
becomes very close to zero (for example, within ±0 . 5 ps/nm/km) . 
Then, the optical transmission line receives influences from 
the four light wave mixture. 

On the other hand, the single mode optical fiber is superior 
in terms of low non-linearity. Therefore, in order that this 
characteristic is utilized to control the waveform distortion 
resulting from the above described non-linearity phenomenon, 
a proposal is made that the optical transmission line be formed 
of a single mode optical fiber and a short dispersion 
compensation optical fiber is connected to the emission end 
of this optical transmission line. This proposal is made in, 
for example, the Japanese Unexamined Patent Publication No. 
Hei- 6 (1994) -11620, or the like. This proposal attempts to 
implement low non-linearity of the optical transmission line 
using the above described configuration and to control the 
wavelength dispersion of the single mode optical fiber. 

However, the mode field diameter within the 1.5pm 
wavelength band of the dispersion compensation optical fiber 
becomes, in design, too small to compensate for the dispersion 
characteristics of the single mode optical fiber with short 
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length, and easily causes the non-linearity phenomenon. 
Therefore, in the scheme of the above described Japanese 
Unexamined Patent Publication No, Hei-6 (1994) -11620 the 
problem of the non-linearity phenomenon cannot be controlled. 
In addition, the above described dispersion compensation 
optical fiber has an extremely large absolute value of the 
dispersion value within the wavelength of the 1.55nm band. 
Therefore, the optical transmission line formed by connecting 
the single mode optical fiber and the dispersion compensation 
optical fiber has an extremely large absolute value of local 
dispersion (dispersion value per unit length) on the side of 
the dispersion compensation optical fiber. Accordingly, this 
optical transmission line cannot completely control the 
waveform distortion resulting from the dispersion even though 
the wavelength dispersion of the entire optical transmission 
line can be made approximately zero and, therefore, there is 
a risk that the waveform distortion resulting from dispersion 
might remain. 

In addition, recently an optical transmission line has been 
proposed where a dispersion compensation optical fiber, which 
has dispersion characteristics opposite to those of the single 
mode optical fiber, is connected to a single mode optical fiber 
of the same length. This proposal is made in the academic paper 
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ECOC ' 97 Vol . P127 . The dispersion compensation optical fiber 
used for the optical transmission line of this proposal has 
low non-linearity compared to the above described dispersion 
compensation optical fiber which is short and compensates for 
the dispersion of the single mode optical fiber. 

On the other hand, the dispersion value within the 
wavelength of 1.55nm band of the single mode optical fiber is 
approximately 17 ps/nm/km and, in order to prevent the 
influence of a local dispersion the absolute value of the 
dispersion value, needs to be made even smaller. However, as 
for optical fibers of which the dispersion is lower than that 
of the single mode optical fiber, only the dispersion shift 
optical fiber, which has an extremely small dispersion of which 
the dispersion value is within ±5 ps/nm/km, is known. And this 
dispersion shift optical fiber cannot control the non- 
linearity phenomenon as described above. 

In addition, recently it has become required to further 
increase the amount of information communicated. Taking this 
into account, when the wavelength division multiplexed 
transmission is carried out by only using the 1 . 5pm wavelength 
band, there is a limit to the number of wavelengths which can 
be sent, which eventually causes saturation at a certain point . 
Therefore, a new optical transmission line is required which 
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can make the 1 . 5|Jm wavelength band a utilizable wavelength band 
by expanding the utilizable wavelength band for the wavelength 
division multiplexed transmission to include the wavelength 
bands on both sides of the conventional 1 . 5pm wavelength band 
(for example, 1530 to 1570 nm). Here, the 1.5pm wavelength 
band denotes a wavelength band including the conventional 1 . 5\im 
wavelength band, such as 1520 to 1620 nm, and hereinafter the 
term 1.5pm band is used in this sense. 

The present invention is provided to solve the above 
described conventional problems. The purpose of the present 
invention is to provide an optical transmission line which has 
the characteristics as shown the following. That is to say, 
the purpose of the present invention is firstly, to make the 
dispersion of the entire optical transmission line 
approximately zero when the optical transmission line 
according to the present invention is used for the wavelength 
division multiplexed transmission and, secondly, to control 
local dispersion of the optical fiber which forms the optical 
transmission line and, thereby, to control the waveform 
distortion resulting from dispersion with almost no failure 
and, thirdly, to make possible a high quality signal light 
transmission which can control the waveform distortion 
resulting from the non-linearity phenomenon. 
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Disclosure of the Invention 

In order to achieve the above described purposes, the 
present invention provides the means for solving the problems 
with the configurations as follows: that is to say, the first 
configuration of the present invention is characterized in that 
said optical transmission line is formed by connecting, in 
series, a first optical fiber of which the dispersion value 
in the set wavelength band within the 1.5pm wavelength band 
is 6 to 14 ps/nm/km and a second optical fiber of which the 
dispersion value in the set wavelength band within the 1.5|im 
wavelength band is -14 to -6 ps/nm/km and in that the dispersion 
value in the set wavelength band within the 1 . 5pm wavelength 
band is approximately zero for the entire optical transmission 
line. 

The second configuration of the present invention is, in 
addition to the above first configuration, characterized in 
that the closer to the input end of an optical signal the 
arrangement position of the optical fiber is, the lower the 
non-linearity of the optical fiber is. 

The third configuration of the present invention is, in 
addition to the above first or second configuration, 
characterized in that the dispersion slope of the first optical 
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fiber is of the opposite symbol to the second optical fiber, 
and in that the dispersion slope in the set wavelength band 
within the 1.5pm wavelength band is approximately zero for the 
entire optical transmission line 

The fourth configuration of the present invention is, in 
addition to the above first or second configuration, 
characterized in that the characteristics of the first optical 
fiber in the wavelength in the vicinity of the center of the 
set wavelength band within the 1 . 5pm wavelength band are as 
follows: the transmission loss is 0.25 dB/km or less, the 
polarized wave mode dispersion value is 0.15 ps/km 1/2 or less, 
the bending loss with the bending diameter of 20 mm is 10 dB/m 
or less and the mode field diameter is 9 . 5|LUn or more. 

The fifth configuration of the present invention is, in 
addition to the above third configuration, characterized in 
that the characteristics of the first optical fiber in the 
wavelength in the vicinity of the center of the set wavelength 
band within the 1.5pm wavelength band are as follows: the 
transmission loss is 0.25 dB/km or less, the polarized wave 
mode dispersion value is 0 . 15 ps/km 1/2 or less, the bending loss 
with the bending diameter of 2 0 mm is 10 dB/m or less and the 
mode field diameter is 9.5pm or more. 

The sixth configuration of the present invention is, in 
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addition to the above fourth configuration, characterized in 
that the characteristics of the first optical fiber in the set 
wavelength band within the 1 . 5pm wavelength band are as 
follows: the transmission loss is 0.25 dB/km or less, the 
polarized wave mode dispersion value is 0.15 ps/km 1/2 or less, 
the bending loss with the bending diameter of 20 mm is 10 dB/m 
or less and the mode field diameter is 9.5pm or more. 

The seventh configuration of the present invention is, in 
addition to the above fifth configuration, characterized in 
that the characteristics of the first optical fiber in the set 
wavelength band within the 1 . 5pm wavelength band are as 
follows: the transmission loss is 0.2 5 dB/km or less, the 
polarized wave mode dispersion value is 0.15 ps/km 1/2 or less, 
the bending loss with the bending diameter of 20 mm is 10 dB/m 
or less and the mode field diameter is 9 . 5(Jm or more. 

The eighth configuration of the present invention is, in 
addition to the above first or second configuration, 
characterized in that the first optical fiber is a single 
peak-type optical fiber which is formed by covering a core with 
a cladding and of which the refractive index distribution shape 
forms a profile of the ath power. 

The ninth configuration of the present invention is, in 
addition to the above third configuration, characterized in 
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that the first optical fiber is a single peak- type optical fiber 
which is formed by covering a core with a cladding and of which 
the refractive index distribution shape forms a profile of the 
ath power. 

The tenth configuration of the present invention is, in 
addition to the above fourth configuration, characterized in 
that the first optical fiber is a single peak- type optical fiber 
which is formed by covering a core with a cladding and of which 
the refractive index distribution shape forms a profile of the 
ath power. 

The eleventh configuration of the present invention is, 
in addition to the above fifth configuration, characterized 
in that the first optical fiber is a single peak-type optical 
fiber which is formed by covering a core with a cladding and 
of which the refractive index distribution shape forms a 
profile of the ath power. 

The twelfth configuration of the present invention is, in 
addition to the above first or second configuration, 
characterized in that the first optical fiber is a step-type 
optical fiber, which is formed by covering a center core with 
a side core of which the refractive index is smaller than that 
of said center core, and by covering said side core with a 
cladding of which the refractive index is smaller than that 
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of said side core. 

The thirteenth configuration of the present invention is, 
in addition to the above third configuration, characterized 
in that the first optical fiber is a step-type optical fiber, 
which is formed by covering a center core with a side core of 
which the refractive index is smaller than that of said center 
core, and by covering said side core with a cladding of which 
the refractive index is smaller than that of said side core. 

The fourteenth configuration of the present invention is, 
in addition to the above fourth configuration, characterized 
in that the first optical fiber is a step-type optical fiber, 
which is formed by covering a center core with a side core of 
which the refractive index is smaller than that of said center 
core, and by covering said side core with a cladding of which 
the refractive index is smaller than that of said side core. 

The fifteenth configuration of the present invention is, 
in addition to the above fifth configuration, characterized 
in that the first optical fiber is a step-type optical fiber, 
which is formed by covering a center core with a side core of 
which the refractive index is smaller than that of said center 
core, and by covering said side core with a cladding of which 
the refractive index is smaller than that of said side core. 
The sixteenth configuration of the present invention is, 
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in addition to the above first or second configuration, 
characterized in that the first optical fiber is a depressed 
center core-type optical fiber which is formed by covering a 
center core with a side core of which the refractive index is 
larger than that of said center core and by covering said side 
core with a cladding of which the refractive index is smaller 
than that of said side core and larger than that of said center 
core . 

The seventeenth configuration of the present invention is, 
in addition to the above third configuration, characterized 
in that the first optical fiber is a depressed center core-type 
optical fiber which is formed by covering a center core with 
a side core of which the refractive index is larger than that 
of said center core and by covering said side core with a 
cladding of which the refractive index is smaller than that 
of said side core and larger than that of said center core. 

The eighteenth configuration of the present invention is, 
in addition to the above fourth configuration, characterized 
in that the first optical fiber is a depressed center core-type 
optical fiber which is formed by covering a center core with 
a side core of which the refractive index is larger than that 
of said center core and by covering said side core with a 
cladding of which the refractive index is smaller than that 
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of said side core and larger than that of said center core. 

The nineteenth configuration of the present invention is, 
in addition to the above fifth configuration, characterized 
in that the first optical fiber is a depressed center core-type 
optical fiber which is formed by covering a center core with 
a side core of which the refractive index is larger than that 
of said center core and by covering said side core with a 
cladding of which the refractive index is smaller than that 
of said side core and larger than that of said center core. 

The twentieth configuration of the present invention is, 
in addition to the above first or second configuration, 
characterized in that the first optical fiber is an optical 
fiber which is formed by covering a center core with a first 
side core, by covering said first side core with a second side 
core and by covering said second side core with a cladding and 
which satisfies A2>A3>A1 when the relative refractive index 
difference of said center core for said cladding is Al, the 
relative refractive index difference of said first side core 
for said cladding is A2, and the relative refractive index 
difference of said second side core for said cladding is A3 . 

The twenty- first configuration of the present invention 
is, in addition to the above third configuration, characterized 
in that the first optical fiber is an optical fiber which is 
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formed by covering a center core with a first side core, by 
covering said first side core with a second side core and by 
covering said second side core with a cladding and which 
satisfies A2>A3>A1 when the relative refractive index 
difference of said center core for said cladding is Al, the 
relative refractive index difference of said first side core 
for said cladding is A2, and the relative refractive index 
difference of said second side core for said cladding is A3, 
The twenty-second configuration of the present invention 
is, in addition to the above fourth configuration, 
characterized in that the first optical fiber is an optical 
fiber which is formed by covering a center core with a first 
side core, by covering said first side core with a second side 
core and by covering said second side core with a cladding and 
which satisfies A2>A3>A1 when the relative refractive index 
difference of said center core for said cladding is Al, the 
relative refractive index difference of said first side core 
for said cladding is A2 , and the relative refractive index 
difference of said second side core for said cladding is A3. 

The twenty-third configuration of the present invention 
is, in addition to the above fifth configuration, characterized 
in that the first optical fiber is an optical fiber which is 
formed by covering a center core with a first side core, by 
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covering said first side core with a second side core and by 
covering said second side core with a cladding and which 
satisfies A2>A3>A1 when the relative refractive index 
difference of said center core for said cladding is Al, the 
relative refractive index difference of said first side core 
for said cladding is A2, and the relative refractive index 
difference of said second side core for said cladding is A3. 

The twenty- fourth configuration of the present invention 
is, in addition to the above first or second configuration, 
characterized in that the characteristics of the second optical 
fiber in the wavelength in the vicinity of the center of the 
set wavelength band within the 1 . 5nm wavelength band are as 
follows: the transmission loss is 0.30 dB/km or less, the 
polarized wave mode dispersion value is 0.15 ps/km 1/2 or less, 
the bending loss with the bending diameter of 20 mm is 10 dB/m 
or less and the mode field diameter is 5 . 5|im or more. 

The twenty-fifth configuration of the present invention 
is, in addition to the above third configuration, characterized 
in that the characteristics of the second optical fiber in the 
wavelength in the vicinity of the center of the set wavelength 
band within the 1 . 5\lm wavelength band are as follows: the 
transmission loss is 0.30 dB/km or less, the polarized wave 
mode dispersion value is 0 . 15 ps/km 1/2 or less, the bending loss 
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with the bending diameter of 20 mm is 10 dB/m or less and the 
mode field diameter is 5.5pm or more. 

The twenty-sixth configuration of the present invention 
is, in addition to the above twenty-fourth configuration, 
characterized in that the characteristics of the second optical 
fiber in the set wavelength band within the 1.5pm wavelength 
band are as follows: the transmission loss is 0.30 dB/km or 
less, the polarized wave mode dispersion value is 0 . 15 ps/km 1/2 
or less, the bending loss with the bending diameter of 20 mm 
is 10 dB/m or less and the mode field diameter is 5 . 5|Jm or more. 

The twenty- seventh configuration of the present invention 
is, in addition to the above twenty- fifth configuration, 
characterized in that the characteristics of the second optical 
fiber in the set wavelength band within the l.Sfim wavelength 
band are as follows: the transmission loss is 0.30 dB/km or 
less, the polarized wave mode dispersion value is 0 . 15 ps/km 1/2 
or less, the bending loss with the bending diameter of 20 mm 
is 10 dB/m or less and the mode field diameter is 5 . 5pm or more . 

The twenty-eighth configuration of the present invention 
is, in addition to the above first or second configuration, 
characterized in that the second optical fiber is a W-type 
optical fiber which is formed by covering a center core with 
a side core of which the refractive index is smaller than that 
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of said center core and by covering said side core with a 
cladding of which the refractive index is larger than that of 
said side core and smaller than that of said center core. 

The twenty-ninth configuration of the present invention 
is, in addition to the above third configuration, characterized 
in that the second optical fiber is a W-type optical fiber which 
is formed by covering a center core with a side core of which 
the refractive index is smaller than that of said center core 
and by covering said side core with a cladding of which the 
refractive index is larger than that of said side core and 
smaller than that of said center core. 

The thirtieth configuration of the present invention is, 
in addition to the above twenty- fourth configuration, 
characterized in that the second optical fiber is a W-type 
optical fiber which is formed by covering a center core with 
a side core of which the refractive index is smaller than that 
of said center core and by covering said side core with a 
cladding of which the refractive index is larger than that of 
said side core and smaller than that of said center core. 

The thirty-first configuration of the present invention 
is, in addition to the above twenty-fifth configuration, 
characterized in that the second optical fiber is a W-type 
optical fiber which is formed by covering a center core with 
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a side core of which the refractive index is smaller than that 
of said center core and by covering said side core with a 
cladding of which the refractive index is larger than that of 
said side core and smaller than that of said center core. 

The thirty-second configuration of the present invention 
is, in addition to the above first or second configuration, 
characterized in that the second optical fiber is an optical 
fiber which is formed by covering a center core with a first 
side core, by covering said first side core with a second side 
core and by covering said second side core with a cladding and 
which satisfies A1>A3>A2 when the relative refractive index 
difference of said center core for said cladding is Al, the 
relative refractive index difference of said first side core 
for said cladding is A2 , and the relative refractive index 
difference of said second side core for said cladding is A3. 

The thirty-third configuration of the present invention 
is, in addition to the above third configuration, characterized 
in that the second optical fiber is an optical fiber which is 
formed by covering a center core with a first side core, by 
covering said first side core with a second side core and by 
covering said second side core with a cladding and which 
satisfies Al>A3>A2 when the relative refractive index 
difference of said center core for said cladding is Al, the 
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relative refractive index difference of said first side core 
for said cladding is A2, and the relative refractive index 
difference of said second side core for said cladding is A3 . 

The thirty-fourth configuration of the present invention 
is, in addition to the above twenty-fourth configuration, 
characterized in that the second optical fiber is an optical 
fiber which is formed by covering a center core with a first 
side core, by covering said first side core with a second side 
core and by covering said second side core with a cladding and 
which satisfies A1>A3>A2 when the relative refractive index 
difference of said center core for said cladding is Al, the 
relative refractive index difference of said first side core 
for said cladding is A2 , and the relative refractive index 
difference of said second side core for said cladding is A3. 

The thirty-fifth configuration of the present invention 
is, in addition to the above twenty-fifth configuration, 
characterized in that the second optical fiber is an optical 
fiber which is formed by covering a center core with a first 
side core, by covering said first side core with a second side 
core and by covering said second side core with a cladding and 
which satisfies A1>A3>A2 when the relative refractive index 
difference of said center core for said cladding is Al, the 
relative refractive index difference of said first side core 
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for said cladding is A2, and the relative refractive index 
difference of said second side core for said cladding is A3. 

Here, in the present invention, "set wavelength band" means 
a wavelength band having at least a 30 run band and "wavelength 
in the vicinity of the center of the set wavelength band" means 
a wavelength in a range within 5 run from the center wavelength 
of the set wavelength band. 

In the above described configuration of the present 
invention, both of the first and the second optical fibers 
making up the optical transmission line have the absolute value 
of the dispersion value in the set wavelength band within the 
1.5|Jm wavelength band which is 6 ps/nm/km or more and the 
dispersion value in the set wavelength within the 1 . 5jim 
wavelength band is shifted from zero. Therefore, the optical 
transmission line of the present invention can control the 
generation of the four light wave mixture which is supposed 
to dramatically influence the waveform distortion resulting 
from the non-linearity phenomenon and can control the waveform 
distortion resulting from the non-linearity phenomenon. 

In both of the above described first and second optical 
fibers, the absolute value of the dispersion value in the set 
wavelength band within the 1 . 5pm wavelength band is 14 ps/nm/km 
or less and the absolute value of the dispersion value in the 
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set wavelength band within the 1 . 5pm wavelength band is small 
compared to a single mode optical fiber or the like . Therefore , 
the optical transmission line of the present invention can 
control a local dispersion in the optical fiber making up the 
optical transmission line and can control the waveform 
distortion resulting from the local dispersion. 

And when the dispersion value in the set wavelength band 
within the 1.5lim wavelength band is too great, the waveform 
distortion resulting from the wavelength dispersion becomes 
large. In both of the above described first and second optical 
fibers applied to the optical transmission line of the present 
invention, however, the absolute value of the dispersion value 
in the set wavelength band within the 1 . 5pm wavelength band 
is 14 ps/nm/km or less. That is to say, in the above described 
first and second optical fibers, the absolute value of the 
dispersion value in the set wavelength band within the 1.5jJm 
wavelength band is smaller compared to a single mode optical 
fiber or the like. Therefore, the optical transmission line 
of the present invention can control a local dispersion in the 
first and the second optical fibers and can control the waveform 
distortion resulting from the local dispersion. 

And, since the dispersion value (total dispersion value) 
in the set wavelength band within the 1 . 5pm wavelength band 
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for the entire optical transmission line according to the 
present invention is made approximately zero, residual 
dispersion hardly exists in the entire optical transmission 
line and the distortion of the signal waveform resulting from 
the residual dispersion can be controlled. 

In particular, the higher the intensity of the incoming 
light inputted to the optical fiber is, the more likely the 
above described non-linearity phenomenon will be generated. 
Therefore, in the optical transmission line according to the 
present invention, where the closer to the input end of the 
optical signal the arrangement location of the optical fiber 
is the lower the non-linearity of the optical fiber is, control 
of the waveform distortion resulting from the non-linearity 
phenomenon can be further assured. And when the mode field 
diameter in the set wavelength band within the 1 . 5pm wavelength 
band is made to be large the influence by the self-phase 
modulation or by the cross-phase modulation, or the like, of 
the non-linearity phenomenon can be controlled and the waveform 
distortion resulting from the non-linearity phenomenon can be 
further controlled in a more sure fashion. 

In addition, when the transmission loss in the set 
wavelength band within the 1 . 5flm wavelength band is 0.30 dB/km 
or less (0.25 dB/km or less in the first optical fiber), the 
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polarized wave mode dispersion value in the set wavelength band 
within the 1.5nm wavelength band is 0.15 ps/km 1/2 or less, and 
the bending loss with the bending diameter of 20 mm in the set 
wavelength band within the 1 . 5pm wavelength band is 10 dB/m 
or less, the waveform distortion resulting from the polarized 
wave mode dispersion can be controlled to gain an excellent 
optical transmission line with small transmission loss or 
bending loss. 

In addition, the configuration where the first optical 
fiber is a single peak-type optical fiber, the configuration 
of a step type optical fiber and a configuration of a depressed 
center core type optical fiber can optimize the refractive 
index prof ile of the first optical fiber due to those refractive 
index profiles. Therefore, as for this configuration, the 
above described optical transmission line with excellent 
effects can be formed by utilizing the first optical fiber with 
the above described refractive index profile. 

In addition, the configuration of the first optical fiber 
which satisfies A2>A3>A1 in the relationship among the relative 
refractive index difference Al for the center core cladding, 
the relative refractive index difference A2 for the cladding 
of the first side core covering the center core and the relative 
refractive index difference A3 for the cladding of the second 
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side core covering the first side core has the same effects 
as the configuration of the first optical fiber by the above 
described single peak-type optical fiber, or the like. 

In addition, the configuration where the second optical 
fiber is a W type optical fiber optimizes the refractive index 
profile of the second optical fiber due to this refractive index 
profile and the optical transmission line with the above 
described excellent effects can be formed by using the second 
optical fiber of the above described refractive index profile. 

In addition, the configuration of the second optical fiber 
which satisfies A1>A3>A2 in the relationship among relative 
refractive index difference Al for the center core cladding, 
the relative refractive index difference A2 for the cladding 
of the first side core covering the center core and the relative 
refractive index difference A3 for the cladding of the second 
side core covering the first side core also has the same effects 
as the above. 

Brief Description of the Drawings 

Fig. 1 is a configuration view showing an optical 
communication system to which one embodiment of an optical 
transmission line according to the present invention is 
applied; Fig. 2 is a descriptive diagram showing an example 
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of the refractive index profile of the first optical fiber which 
is applied to the above described embodiment and an optical 
transmission line of another embodiment according to the 
present invention; Fig. 3 is a descriptive diagram showing an 
example of the refractive index profile of the second optical 
fiber which is applied to the optical transmission line of the 
above described embodiment; Fig. 4 is a graph showing, 
respectively, examples of dispersion characteristics of the 
first optical fiber, the second optical fiber and the optical 
transmission line formed by connecting those optical fibers; 
and Fig. 5 is a configuration view showing an optical 
communication system to which another embodiment of the optical 
transmission line according to the present invention is 
applied. 

Best Mode for Carrying Out the Invention 

The present invention is described in detail based on the 
embodiment with reference to the attached drawings. 

In the following, the embodiments of the present invention 
are described based on the drawings. Fig. 1 shows a system 
configuration of the optical transmission system comprising 
one embodiment of the optical transmission line according to 
the present invention. As shown in the Fig. 1, the optical 
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transmission line of the present embodiment is formed by 
connecting the first optical fiber 8 and the second optical 
fiber 9 in series. In the Fig. 1, a fused connection part 
between the first optical fiber 8 and the second optical fiber 
9 is denoted as 7, an optical transmitter is denoted as 11 and 
an optical receiver is denoted as 12 . And in the present 
embodiment, an optical amplifier 6 is provided to the incoming 
end of the first optical fiber 8 . 

The most characteristic point of the present invention is 
that an optical transmission line is formed by connecting the 
first and the second optical fibers 8 and 9 which have the 
following characteristics in series so that the dispersion 
value in the set wavelength band within the 1 . 5pm wavelength 
band for the entire optical transmission line is made 
approximately zero (-1 ps/nm/km to +1 ps/nm/km) . In the first 
optical fiber 8, the dispersion value in the set wavelength 
band within the 1.5pm wavelength band is 6 to 14 ps/nm/km. In 
the second optical fiber 9, the dispersion value in the set 
wavelength band within the 1.5|im wavelength band is -14 to -6 
ps/nm/km. 

And the dispersion slope of the first optical fiber 8 is 
positive, the dispersion slope of the second optical fiber 9 
is negative and the dispersion slopes of the first optical fiber 
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8 and the second optical fiber 9 are, mutually, of opposite 
symbols. The dispersion slope in the set wavelength band 
within the 1.5|im wavelength band for the entire optical 
transmission line is made approximately zero. 

In the present embodiment the signal light wavelength 
transmitted from the optical transmitter 11 is the wavelength 
of the set wavelength band within the 1 . 5\im wavelength band 
and light, with a plurality of mutually different wavelengths 
in this wavelength band, is transmitted along the optical 
transmission line while being amplified by the optical 
amplifier 6. And the optical amplifier 6 is an erbium dope 
light fiber type optical amplifier which effectively amplifies 
light of the set wavelength band within the 1 . 5|im wavelength 
band. 

In general, a positive dispersion optical fiber where the 
dispersion in the set wavelength band within the LS^lm 
wavelength band is a positive dispersion and a negative 
dispersion optical fiber where the dispersion in the same 
wavelength band is a negative dispersion are compared to find 
that the positive dispersion optical fiber comes to have less 
non-linearity than the negative dispersion optical fiber when 
light of the same wavelength band enters. And in the present 
embodiment the first optical fiber 8 is found to be the positive 
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dispersion optical fiber from the dispersion characteristics 
in the set wavelength band within the 1.5pm wavelength band 
and the second optical fiber 9 is the negative dispersion 
optical fiber. Therefore, as for the characteristics when 
light, of the set wavelength band within the 1.5pm wavelength 
band enters, the first optical fiber 8 comes to have less 
non-linearity than the second optical fiber 9. 

Then, in the present embodiment, the first optical fiber 
8 is connected to the emission end of the optical amplifier 
6 . That is to say, the optical transmission line of the present 
embodiment arranges the first optical fiber 8 and the second 
optical fiber 9 so that the closer to the side where the intense 
light signal is inputted the less non-linearity the optical 
fiber comes to have. 

And in the optical transmission line of the present 
embodiment, the transmission loss in the wavelength of 1.55pm 
is 0.25 dB/km or less and the polarized wave mode dispersion 
value in the wavelength of 1 . 55pm is 0.15 ps/km 1/2 or less . And 
the optical transmission line of the present embodiment is made 
so that the bending loss with the bending diameter of 20 mm 
in the wavelength of 1.55pm is 10 dB/m or less and the mode 
field diameter in the wavelength of 1.55pm is 5.5pm or more. 

Next, the first optical fiber 8 comprising the optical 
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transmission line of the present embodiment is described in 
detail . The first optical fiber 8 has any one of the refractive 
index profiles as shown in Figs. 2 (a) to 2 (c) . An optical fiber 
of the refractive index profile as shown in Fig. 2(a) is a 
depressed center core type optical fiber. This optical fiber 
is formed by covering the center core 1 with the side core 2, 
of which the refractive index is larger than that of the center 
core 1, and by covering the side core 2 with the cladding 5, 
of which the refractive index is smaller than that of the side 
core 2 and larger than that of the center core 1. 

Optical fibers of the refractive index profiles as shown 
in Figs. 2(b) and 2(c) have the following refractive index 
profiles. That is to say, those optical fibers are formed by 
covering the center core 1 with the first side core 3, by 
covering the first side core 3 with the second side core 4 and 
by covering the second side core 4 with the cladding 5. Then, 
those optical fibers satisfy A2>A3>A1 when the relative 
refractive index difference of the center core 1 for the 
cladding 5 is Al, the relative refractive index difference of 
the first side core 3 for the cladding 5 is A2 and the relative 
refractive index difference of the second side core 4 for the 
cladding 5 is A3 . 

The present inventors first assumed that the refractive 



34 



index profile of the first optical fiber 8 is the refractive 
index profile as shown in Fig. 2 (a) . In order to optimize the 
refractive index profile of this first optical fiber 8, the 
relative refractive index difference Al of the center core 1 
for the cladding 5 and the relative refractive index difference 
A2 of the side core 2 for the cladding 5 are varied in core 
diameter in various ways. Then, the above described relative 
refractive index differences Al and A2, the value (a/b) of the 
diameter a of the center core 1 divided by the diameter b of 
the side core 2 (Ra) , and a value of core diameter (the diameter 
of the side core 2) are found so that the dispersion value in 
the wavelength 1.5514m, the dispersion slope, the effective core 
section area (Aeff) and the bending loss have suitable values 
and the cut off wavelength (A,c) has also a suitable value . Here, 
the above described values are found through the use of a. 
simulation, of which the results are shown in Table 1. 
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(Table 1) 





Al 


A2 


Ra 


Core 
diam. 


dispersion 
value 


slope 


Aeff 




bending 
loss 


unit 


% 


% 




Jim 


ps/nro/km 


ps/nm 2 /km 


|im 2 


run 


dB/m 


Example 1 


-0.5 


0.75 


0.50 


6.20 


6.64 


0.067 


81.5 


1228 


8.5 


Example 2 


-0.4 


0.70 


0.45 


6.10 


9.41 


0.069 ! 


82.3 


1346 


6.0 



Each of the relative refractive index differences Al and 
A2 are defined by the following equations (3) and (4) when the 
refractive index of the vacuum is 1, the relative refractive 
index of the center core is nl, the relative refractive index 
of the side core 2 is n2 and the relative refractive index of 
the cladding 5 is nc, of which the unit is %. 

Al=[{(nl) 2 -(nc) 2 }/2(nl) 2 ]xl00 (3) 

A2=[{ (n2) 2 -(nc) 2 }/2(n2) 2 ]xl00 (4) 

As is clear from Table 1, the effective core section area 
is 80nm 2 or more in either optical fiber in Examples 1 and 2. 
That is to say, it can be confirmed that in the optical fibers 
of Examples 1 and 2, the effective core section area which is 
the same or more of the effective core section area of a 
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conventional single mode optical fiber is gained. Here, the 
slope in Table 1 is a dispersion slope in the wavelength of 
1 . SSnirw and in the optical fiber of Examples 1 and 2 the absolute 
value of the dispersion slope in the wavelength 1 . 55nm is very 
small . 

An optical fiber having the depressed center core type 
refractive index profile as shown in Fig. 2 (a) does not include 
germanium in the center core 1. Therefore, this type of 
optical fiber has a small non-linearity refractive index, which 
makes it possible to control the waveform distortion resulting 
from the self-phase modulation or the cross-phase modulation, 
or the like. Here, the optical fiber of the refractive index 
profile as shown in Figs. 2(b) and 2(c) does not include 
germanium in the center core 1 in the same way as the above 
described depressed center core type optical fiber, therefore 
those optical fibers also have small non-linearity refractive 
indexes and it is considered to be possible to control the 
waveform distortion resulting from the self-phase modulation, 
cross-phase modulation, or the like. 

In addition, in the optical fibers of Examples 1 and 2, 
the dispersion value in the set wavelength band within the 1 . 5|im 
wavelength band is in a range of 6 to 14 ps/nm/km. This value 
is large enough to be able to control the four light wave mixture 
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within the range where the waveform distortion resulting from 
a local dispersion can be controlled. Therefore, the optical 
fibers of Examples 1 and 2 are able to control the waveform 
distortion resulting from a local dispersion and the waveform 
distortion resulting from the four light wave mixture. 

Then two types of optical fibers of the refractive index 
profiles which are close to Examples 1 and 2 in Table 1 are, 
actually, trial manufactured to serve as Trial Examples 1 and 
2. And, at the same time, in the optical fibers of the 
refractive index profiles as shown in Figs. 2 (b) and 2 (c) , four 
types of optical fibers of which the Al and A2 are close to 
those of Examples 1 and 2 in Table 1 so as to serve as Trial 
Examples 3 to 6 . Then, the characteristics of the optical 
fibers of those Trial Examples 1 to 6 are found. The 
characteristics of Trial Examples 1 to 6 are shown in Table 
2. 
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(Table 2) 





transmission 

T 

loss 


dispersion 
value of 
1550 nra 


dispersion 
slope of 
1550 run 


MFD 


Aef f 


bending 
loss 20<|> 


Av- 


unit 


dB/km 


ps/nm/km 


ps/nm 2 /km 


\Xia 


Hm 2 


dB/m 


ian 


prototype 1 


0.230 


7.1 


0.025 


9.83 


81.3 


8.9 


947 


prototype 2 


0.225 


12.1 


0.035 


9.84 


83.2 


9.7 


894 


prototype 3 


0.250 


6.1 


0.028 


9.71 


79.6 


6.2 


1295 


prototype 4 


0.245 


9.8 


0.032 


9.77 


80.2 


9.9 


1236 


prototype 5 


0.235 


7.4 


0.029 


9.85 


82.0 


7.5 


1065 


prototype 6 


0.240 


10.2 


0.035 


9.79 


80.6 


5.3 


1429 



Here, in Trial Examples 3 to 6 (in the optical fibers of 
the refractive index profiles as shown in Figs. 2 (b) and 2 (c) ) , 
the relative refractive index difference Al is defined by the 
above described equation (3). In Trial Examples 3 to 6, A2 
and A3 are, respectively, defined by the above described 
equation (4) and the following equation (5) when the refractive 
index of the vacuum is 1, the refractive index of the first 
side core 3 is n2 and the refractive index of the second side 
core 4 is n3 . The unit of those relative refractive index 
differences Al to A3 is %. 



39 



A3=[{ (n3) 2 - (nc) 2 }/2(n3) 2 ]xl00 ••• (5) 



The refractive index profiles of Trial Examples 3 and 4 
in Table 2 have the refractive index profile as shown in Fig. 
2 (b) . The second side core 4 is formed by germanium doped 
crystal and the refractive index of the second side core 4 is 
larger than the refractive index of cladding 5. And the 
refractive index profiles of Trial Examples 5 and 6 in Table 
2 have the refractive index profiles as shown in Fig. 2(c) . 
The second side core 4 is formed by fluoride doped crystal and 
the refractive index of the second side core 4 is smaller than 
the refractive index of the cladding 5. 

As is clear from Table 2, all optical fibers of Trial 
Examples 1 to 6 are found to have excellent characteristics, 
being almost the same as the simulation result as shown in Table 
1. That is to say, optical fibers of those Trial Examples 1 
to 6 have the effective core section area of approximately 80|im 2 
and the control of the waveform distortion is possible by the 
self -phase modulation, the cross-phase modulation, or the like. 
And in the optical fibers of Trial Examples 1 to 6 the dispersion 
value in the set wavelength band within the 1 . 5pm wavelength 
band is a range of 6 to 14 ps/nm/km. This value is in a range 
wherein the waveform distortion resulting from a local 
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dispersion can be controlled and is large enough to control 
the four light wave mixture and it is confirmed that the optical 
fibers of Trial Examples 1 to 6 can control the waveform 
distortion resulting from a local dispersion as well as the 
waveform distortion resulting from the four light wave mixture . 

As is clear from Tables 1 and 2, it is confirmed that the 
optical fibers of Examples 1 and 2, as well as Trial Examples 
1 to 6, can control the transmission loss in the wavelength 
1.55pm. In addition, in any of those optical fibers the value 
of polarized wave mode dispersion is approximately 0 . 1 ps/km 1/2 # 
which is a small value. 

Next, the second optical fiber 9 forming an optical 
transmission line according to the present embodiment is 
described in detail. The second optical fiber 9 has a 
refractive index profile as shown in either one of Figs. 3(a) 
and 3 (b) . The optical fiber with the refractive index profile 
as shown in Fig. 3 (a) is a W-type optical fiber. This optical 
fiber is formed by covering the center core 1 with the side 
core 2 of which the refractive index is smaller than that of 
the center core 1 and by covering the side core 2 with the 
cladding 5, of which the refractive index is larger than that 
of the side core 2 and smaller than that of the center core 
1. 
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The optical fiber with the refractive index profile as 
shown in Fig. 3 (b) is formed by covering the center core 1 with 
the first side core 3, by covering the first side core 3 with 
the second side core 4 and by covering the second side core 
4 with the cladding 5. Then, this optical fiber satisfies 
A1>A3>A2 when the relative refractive index difference of the 
center core 1 to the cladding 5 is Al, the relative refractive 
index difference of the first side core 3 to the cladding 5 
is A2 and the relative refractive index difference of the second 
side core 4 to the cladding 5 is A3 . 

The present inventors first presumed that the refractive 
index profile of the second optical fiber 9 is the refractive 
index profile as shown in Fig. 3 (a) . In order to optimize this 
refractive index profile of the second optical fiber 9, the 
relative refractive index difference Al of the center core 1 
to the cladding 5, the relative refractive index difference 
A2 of the side core 2 to the cladding 5 and the diameter of 
the core are varied in many ways. Then, in the same way as 
when the refractive index profile of the first optical fiber 
8 was determined, the values of the relative refractive index 
differences Al, A2, Ra and the core diameter are found so that 
the dispersion value in the wavelength of 1.5511m, the 
dispersion slope, the effective core section area (Aef f ) and 
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bending loss have suitable values and the cut off wavelength 
has also a suitable value. These values are found by use of 
a simulation, of which the result is shown in Table 3. 



(Table 3) 





Al 


A2 


Ra 


Core 
diam. 


dispersion 
value 


slope 


Aeff 


XC 


bending 
loss 


unit 


% 


% 




flm 


ps/nm/km 


ps/nm 2 /km 


Jim 2 ' 


nm 


dB/m 


Example 3 


0.85 


-0.3 


0.45 


12.20 


-8.54 


-0.047 


32.1 


848 


6.5 


Example 4 


1.15 


-0.4 


0.40 


9 .10 


-11.44 


-0.066 


23.3 


876 


4.0 



Here, each of the relative refractive index differences 
Al and A2 is found in the same way as each of the relative 
refractive index differences Al and A2 in Table 1. 

As is clear from Table 3, either optical fiber of Examples 
3 and 4 has the dispersion value in the set wavelength band 
within the 1. 5pm wavelength band which is within the range of 
-14 to -6 ps/nm/km. That is to say, it is confirmed that in 
the optical fibers of Examples 3 and 4, the absolute value of 
the dispersion value in the above described set wavelength band 
is large enough to be able to control the four light wave mixture 
within the range where a local dispersion can be controlled 
and control the waveform distortion due to the four light wave 
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mixture . 

As described in the above, the first optical fiber 8 has 
the dispersion value in the set wavelength band within the 1 . 5pm 
wavelength band which is within the range of 6 to 14 ps/nm/km. 
Therefore, by connecting this second optical fiber 9 to this 
first optical fiber 8 # the dispersions in the set wavelength 
band within the 1 . 5pm wavelength band of the first optical fiber 
8 and the second optical fiber are offset. Accordingly, the 
optical transmission line according to the present embodiment 
which is formed by connecting the first optical fiber 8 and 
the second optical fiber 9 in series is considered to be able 
to implement a low dispersion over a broad wavelength range. 

Then, two types of optical fibers with a refractive index 
profile which is close to that of Examples 3 and 4 in Table 
3 are, actually, trial manufactured as Trial Examples 7 and 
8. And, as for the optical fiber with the refractive index 
profile as shown in Fig. 3(b) , two types of optical fibers of 
which the Al and A2 are close to those of Examples 3 and 4 in 
Table 3 are trial manufactured as Trial Examples 9 and 10 . Then, 
the characteristics of the optical fibers of those Trial 
Examples 7 to 10 are found. The characteristics of Trial 
Examples 7 to 10 are shown in Table 4. 
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(Table 4) 





transmission 
loss 


dispersion 
value of 
1550 nm 


dispersion 
slope of 
1550 nm 


MFD 


Aeff 


bending 
loss 20$ 


Xc 


unit 


dB/km 


ps/nm/km 


ps/nm 2 /km 


Hm 


[im 2 


dB/m 


nm 


prototype 7 


0.230 


-7.1 


-0.015 


5.83 


25.4 


8.9 


904 


prototype 8 


0.225 


-12.1 


-0.020 


5.84 


25.6 


9.8 


894 


prototype 9 


0.250 


-8.1 


-0.038 


6.01 


27.2 


4.2 


1429 


prototype 10 


0.245 


-10.8 


-0.042 


6.07 


27.8 


3.9 


1436 



Here, in the optical fibers of Trial Examples 9 and 10 (in 
the optical fibers with the refractive index profile as shown 
in Fig. 3 (b) ) , the relative refractive index difference Al is 
defined by the above described equation (3) . And A2 and A3 
in the optical fibers of Trial Examples 9 and 10 are defined 
by the above described equations (4) and (5) when the refractive 
index of the first side core 3 is n2 and the refractive index 
of the second side core 4 is n3 while the refractive index of 
the vacuum is 1. The unit of those relative refractive index 
differences Al to A3 is %. 

In the optical fibers of Trial Examples 9 and 10 in Table 
4, the second side core 4 is formed of germanium doped crystal. 

As is clear from Table 4, all the optical fibers of Trial 
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Examples 7 to 10 have excellent characteristics in the same 
way as the simulation result shown in Table 3. That is to say, 
the optical fibers of Trial Examples 7 to 10 have the dispersion 
value in the set wavelength band within the 1.5pm wavelength 
band which is within the range of -14 to -6 ps/nm/km. This 
value is within the range where the absolute value of the 
dispersion value of the above described set wavelength can 
control the waveform distortion due to a local dispersion and 
is a value large enough to be able to control the four light 
wave mixture. Therefore, it is confirmed that the optical 
fibers of Trial Examples 7 to 10 are able to control both the 
waveform distortion due to a local dispersion and the waveform 
distortion due to the four light wave mixture. And by 
connecting the second optical fiber 9 of Trial Examples 7 to 
10 to the above described first optical fiber 8, the dispersions 
in the set wavelength band within the 1.5[im wavelength band 
of the first optical fiber 8 and the second optical fiber 9 
are offset. Therefore, an optical transmission line formed 
by connecting the first optical fiber 8 and the second optical 
fiber 9 in series can implement a low dispersion over a broad 
wavelength range. 

As is clear from Tables 3 and 4, it is confirmed that the 
optical fibers of Examples 3 and 4, as well as in Trial Examples 
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7 to 10, are also able to control the transmission loss in the 
wavelength 1 . 55pm. In addition, it is confirmed that all those 
optical fibers have a polarized wave mode dispersion value of 
approximately 0.1 ps/km 1/2 , which is a low value. 

The present inventors trial manufactured the first and the 
second optical fibers 8 and 9 , respectively, as described above 
and, afterwards, trial manufactured an optical transmission 
line by connecting the first optical fiber 8 and the second 
optical fiber 9 in series by fusion connection. Then, the 
fusion connection loss of this optical transmission line was 
measured and it was found that the average connection loss was 
approximately 0.6 dB. And a dispersion shift optical fiber, 
of which the mode field diameter in the wavelength of 1.55|im 
is approximately 8pm, is provided between the first optical 
fiber 8 and the second optical fiber 9 and the connection loss 
at this time was measured and found to be approximately 0 . 5 
dB. 

The characteristic curve a in Fig. 4 shows a dispersion 
characteristic example in the set wavelength band within the 
1.5pm wavelength band of the first optical fiber 8 and the 
characteristic curve b in Fig. 4 shows a dispersion 
characteristic example in the set wavelength band within the 
1.5|im wavelength band of the second optical fiber 9, 
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respectively. In addition, the characteristic curve c in Fig. 
* 

4 shows a dispersion characteristic example when the first 
optical fiber 8 and the second optical fiber are connected by 
providing 2km of the above described dispersion shift optical 
fiber between 20km of the first optical fiber 8 and 20km of 
the second optical fiber 9 . 

As shown in Fig. 4, the dispersions in the set wavelength 
band within the 1 . 5j4m wavelength band of the first optical fiber 
8 and the second optical fiber 9 are offset. Accordingly, an 
optical transmission line formed by connecting the first 
optical fiber 8 and the second optical fiber 9 in series has 
been confirmed to implement a low dispersion over broad 
wavelength range. 

According to the present embodiment, the refractive index 
profiles of the first optical fiber 8 and the second optical 
fiber 9 are, respectively, determined based on the above 
examined result. Then, based on those refractive index 
profiles, the dispersion value in the set wavelength band 
within the 1.5nm wavelength band of the first optical fiber 
is set between 6 to 14 ps/nm/km while the dispersion value in 
the set wavelength band within the 1 . 5|im wavelength band of 
the second optical fiber 9 is set between -14 to -6 ps/nm/km. 

Then, according to the present embodiment, an optical 
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transmission line is formed by connecting those optical fibers 
in series. Accordingly, in the present embodiment, the 
dispersion value ( total dispersion value) in the set wavelength 
band within the 1.5nm wavelength band is made approximately 
zero while in the entire optical transmission line the residual 
dispersion is make approximately zero so as to be able to 
control the distortion of the signal waveform due to the 
residual dispersion. 

Moreover, the above described first and second optical 
fibers 8 and 9 both have the absolute value of the dispersion 
value in the set wavelength band within the 1 . 5|im wavelength 
band of 6 ps/nm/km or more. That is to say, in the first and 
second optical fibers 8 and 9, the dispersion value in the 
wavelength 1.55|Jm is shifted from zero and, therefore, the 
occurrence of the four light wave mixture which is supposed 
to dramatically influence the waveform distortion due to the 
non-linearity phenomenon becomes controllable and the 
waveform distortion due to non-linearity phenomenon can be 
controlled. 

In the case that the dispersion value in the set wavelength 
band within the 1 . 5\im wavelength band is too large, the waveform 
distortion due to the wavelength dispersion becomes large. On 
the contrary, in the present embodiment, said first and second 
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optical fibers both have the absolute value of the dispersion 
value in the set wavelength band within the 1.5nm wavelength 
band of 14 ps/nm/km or less and the absolute value of the 
dispersion value in the set wavelength band within the 1.5pm 
wavelength band is smaller compared to that of a single mode 
optical fiber, or the like. Therefore, in the optical 
transmission line of the present embodiment, a local dispersion 
in each optical fiber forming the optical transmission line 
can be controlled and the waveform distortion due to the 
dispersion becomes controllable. 

In addition, the larger the intensity of incoming light 
inputted to the optical fiber is, the more easily the above 
described non-linearity phenomenon occurs . Therefore, in the 
present embodiment, the first optical fiber 8 and the second 
optical fiber 9 are arranged so that the closer to the end to 
which the strong optical signal is inputted, the lower the 
non-linearity of the optical fiber is (the first optical fiber 
8 is connected to the emission end of the optical amplifier 
6 and the second optical fiber 9 is connected to the emission 
end of the first optical fiber 8) . Therefore, in an optical 
transmission line according to the present embodiment, the 
control of waveform distortion due to the non-linearity 
phenomenon can be carried out without failure. 
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In addition, in the present embodiment, the mode field 
diameter in the wavelength 1.55pm of the first optical fiber 

8 is made 9.5|im or more so that the effective core section area 
becomes as large as approximately 80pm 2 . And the mode field 
diameter in the wavelength 1.55|Jm of the second optical fiber 

9 is made 5.5pm or more, which becomes larger than that of a 
conventional negative dispersion optical fiber. Therefore, 
in an optical transmission line according to the present 
embodiment, the influence caused by the self -phase modulation, 
the cross-phase modulation, or the like, within the non- 
linearity phenomenon can be controlled so as to carry out the 
control of the waveform distortion due to the non-linearity 
phenomenon without failure. 

In addition, according to the present embodiment, the 
transmission loss in the 1 . 55jim wavelength of the first optical 
fiber 8 is 0.25 dB/km or less, the polarized wave mode 
dispersion value in the wavelength 1.55pm is 0.15 ps/km 1/2 or 
less, the bending loss with the bending diameter of 20 mm in 
the wavelength 1 . 55(im is 10 dB/m or less . And, the transmission 
loss in the wavelength 1.55pm of the second optical fiber 9 
is 0.30 dB/km or less, the polarized wave mode dispersion value 
in the wavelength 1 . 55pm is 0.15 ps/km 1/2 or less and the bending 
loss with the bending diameter 20 mm in the wavelength 1.55pm 
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is 10 dB/m or less. Therefore, in an optical transmission line 
of the present embodiment, the transmission loss in the set 
wavelength band within the 1.5pm wavelength band is small, the 
waveform distortion due to a polarized wave mode dispersion 
can be controlled and the loss due to bending can be made smaller 
so that the signal light transmission can be performed under 
excellent conditions. 

The present invention is not limited to the above described 
embodiments but, rather, may adopt a variety of embodiments. 
For example, the first optical fiber 8 maybe formed by covering 
the core 10 with the cladding 5, as shown in Fig. 2 (d) , to become 
a single peak-type optical fiber of which the refractive index 
distribution forms a profile of the otth power. And the first 
optical fiber 8 may be a step type optical fiber which is formed 
by covering the center core 1 with the side core 2 of which 
the refractive index is smaller than that of the center core 
1 and by covering the side core 2 with the cladding 5 of which 
the refractive index is smaller than that of the side core 2 
as shown in Fig. 2(e) . In this step type optical fiber, the 
center core 1 has a refractive index distribution forming a 
profile of the otth power. 

Table 5 shows the characteristics of Examples 5 and 6 of 
the above described single peak-type optical fiber and Table 
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6 shows the characteristics of Examples 7 and 8 of the above 
described step type optical fiber. Here, in Tables 5 and 6, 
the value of a, which shows the refractive distribution form 
of the core 10 and the center core 1, is also shown. 



(Table 5> 





Al 


a 


Core 
diam. 


dispersion 
value of 1550 
nm 


dispersion 
slope of 1550 
nm 


Aeff 


Xc 


bending 
loss 20<|> 


Unit 


% 




lim 


ps/nm/km 


ps/nm 2 /km 


|im 2 


nm 


dB/m 


Example 5 


0.40 


3.0 


10.5 


13.1 


0.062 


77.4 


1859 


7.0 


Example 6 


0.45 


2.0 


9.4 


13.4 


0.061 


72.5 


1166 


9.5 



(Table 6) 





Al 


a 


A2 


Ra 


Core 
diam. 


dispersion 
value of 
1550 nm 


dispersion 
slope of 
1550 nm 


Aeff 


Xc 


bending 
loss 20<{> 


Unit 


% 








pm 


ps/nm/km 


ps/nm 2 /km 


Hm 2 


nm 


dB/m 


Example 7 


0.40 


4.0 


0.15 


0.55 


14.0 


13.6 


0.067 


94.7 


1519 


6.0 


Example 8 


0.45 


2.0 


0.20 


0.45 


11.4 


13.0 


0.064 


79.5 


1466 


8.5 



In Table 5, the relative refractive index difference Al 
is defined as in the above described equation (3) when the 
relative refractive index of the core 10 is nl and the relative 
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refractive index of the cladding 5 is nc while the refractive 
index of the vacuum is 1, of which the unit is %. And, in Table 
5, each of the relative refractive index differences Al and 
A2 is defined as in the above described equations (3) and (4) 
when the relative refractive index of the center core is nl, 
the relative refractive index of the side core 2 is n2 and the 
relative refractive index of the cladding 5 is nc while the 
refractive index of the vacuum is 1, of which the unit is %. 

As shown in Tables 5 and 6 , in the case that the first optical 
fiber 8 is formed by the refractive index profile of the above 
described single peak- type or the step type, the same effects 
as in the above described embodiments can be gained by properly 
setting the detailed values of the refractive index profile 
(the relative refractive index differences Al and A2, a, or 
the like) . 

Each of the values of the relative refractive index 
differences Al, A2 and A3 in the refractive index profiles of 
the first and second optical fibers 8 and 9 is not limited to 
that of each of the above described examples and trial examples . 
That is to say, each value of the relative refractive index 
differences Al, A2 and A3 may be properly set so as to have 
the dispersion characteristic such as for the first optical 
fiber 8 and the second optical fiber 9 in the above described 
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embodiments. Each value of the relative refractive index 
differences Al, A2 and A3 is, preferably, set taking the 
transmission loss in the set wavelength band within the 1 . S^im 
wavelength band, a polarized wave mode dispersion, and a 
bending loss, or the like, into account. 

In addition, the number and the arrangement order of the 
first optical fibers 8 and the second optical fibers 9 forming 
the optical transmission line of the present invention are not 
specifically limited but they should be properly adjusted. 
For example, in the case that the optical transmission line 
is formed by connecting the first optical fibers 8 and the 
second optical fibers 9 without providing optical amplifiers, 
it is possible to lower the possibility of the occurrence of 
the non-linearity phenomenon by arranging the optical fibers 
so that the closer to the input end of the optical signal optical 
fibers are, the lower the non-linearity of the optical fibers 
is . 

And, as shown in Fig. 5, the second optical fiber 9 is 
connected between the two first optical fibers 8 so that an 
optical transmission line can be formed wherein bi-directional 
communication for transmitting and receiving light becomes 
possible by using the optical transceiver 13 . 
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Industrial Applicability 

As described above, in an optical transmission line 
according to the present invention, a local dispersion in the 
first and the second optical fibers can be controlled, the 
waveform distortion due to a local dispersion can be controlled 
and the dispersion value (total dispersion value) in the set 
wavelength band within the 1 . 5\lm wavelength band for the entire 
optical transmission line is made approximately zero. 
Therefore, the optical transmission line of the present 
invention has little residual dispersion over the entire 
optical transmission line and can control the distortion of 
the signal waveform due to the residual dispersion, and is 
suitable as an optical transmission line for wavelength 
division multiplexed transmission of the 1 . 5pm wavelength band 
or the like. 
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